ABSTRACT. Advanced analytical and impact assessment methods are needed for the development of modern surfactants, so the composition, the effect and other properties of surfactants are examined by analytical tools which may be suitable for the quality testing of the raw materials, the intermediates and the final products. The HLB values of non-ionic surfactants and their mixtures were determined by three different methods: theoretical HLB based on the chemical structure and the given HLB of surfactants, the Greenwald method and an improved, titrimetric method. Our aim was to investigate if the new method to determine the water number and HLB value is suitable for this type of commercial surfactants and their mixtures. The particle size and the turbidity of micelles formed in surfactant solutions were also measured and evaluated.
INTRODUCTION
Surfactants in science and industry are widely used, ranging from primary production processes such as the recovery and purification of raw materials in the mining and petroleum industries, to enhancing the quality of finished products such as paints, cosmetics, pharmaceuticals, and foods. Polyethoxylated ester (POE) non-ionics, such as Tween product family, are generally excellent dispersing agents [1] . Sodium dodecylbenzenesulfonate (SDBS) is an anionic surfactant which is the major component of laundry detergents [2] .
The capacity of the emulsification, the solubility and other surfactant properties depend on the HLB value of a given non-ionic surfactant which information is necessary for its practical application. The HLB (hydrophiliclipophilic balance) concept was introduced by Griffin [3] . The HLB of an emulsifier is a number which expresses the mass ratio of water-soluble and oil-soluble groups in the surfactant molecule. The HLB value can be a critical factor in the development of new emulsions and in surfactant synthesis. The number of experiments can be reduced during the formulation screening stage and can be used as an important parameter for quality control [4] .
The present work aimed to investigate if the new method to determine the water number and HLB value is suitable for this type of commercial surfactants and their mixtures. The difference between the HLB values determined by different methods was examined, the particle size and the turbidity of their aqueous solution was also investigated.
RESULTS AND DISCUSSION

Investigation of non-ionic surfactants
The HLB of POE surfactants was determined by conventional analytical method (Greenwald et al) [6] and by our improved method then it was compared with the HLB given by the manufacturer (Table 1, Figure 1 ). No information was provided about the HLB measurement method of the manufacturer. The HLB values determined by our new developed method approximates better the given HLB values, than the HLB values of Greenwald method [7] .
Table1
The hydrodynamic size of each surfactant was determined by dynamic light scattering method and the turbidity by fiber-optic spectrophotometer ( Table 2 ).
The average size of the surfactant micelles was between 11.4 nm and 90.4 nm. It can be explained by the different micelle formation because of the diverse structure of surfactants. 
Investigation of surfactant mixtures
The surfactants are usually applied as surfactant mixtures [10] thus our aim was to determine their HLB value by our improved, titrimetric method described in the previous chapter.
No experimental results were published about the determination of HLB values of surfactant mixtures by Greenwald et al [11] .
The HLB of surfactant mixtures was determined as follows ( The HLB value of SDBS was 19.9 and it was calculated based on its chemical structure. It was found that our improved method is suitable to determine also the HLB of this type of surfactant mixtures.
The difference between HLB values determined by different methods is shown in Figure 2 . The average size of the surfactant micelles was between 123 nm and 910 nm and the turbidity was between 7-57%. The higher HLB value of surfactant mixtures has shown lower turbidity. However based on the measured particle size it was obtained that the formed micelles are bigger which require more detailed structural analysis. No correlation was found between the HLB value and the average particle size. The HLB value of the surfactant mixture can provide information about the hydrophilic or lipophilic nature but not about the ability of association or the colloidal properties of the surfactant mixture. Thus the HLB can be applied for the classification of surfactants which is important in terms of use.
CONCLUSIONS
The HLB values of non-ionic surfactants and their mixtures, the turbidity of their aqueous solution and the average size of micelles formed in aqueous solution of non-ionic surfactants and their mixtures were analyzed. The new experimental results can be summarized as follows.
• Based on the experimental data a more accurate method was developed for the determination of HLB which is applicable to POE type non-ionic surfactants.
• The improved method is suitable for the determination of HLB of this type of surfactant mixtures.
• In both case (nonionic and anionic surfactant alone or in their mixtures) the HLB value determined by our method approximates better the HLB value calculated by chemical structure.
• The particle size of surfactant association of the components not depends on the HLB value, but depends on the structure of surfactants. Further developments could contribute significantly to the formulation of the surfactant mixtures.
EXPERIMENTAL Materials
Polyethoxylated sorbitan esters, environmentally friendly non-ionic surfactant family marketed under the Tween product name were used in the measurements. A polyethoxylated monoester of 3,6-sorbitan is represented in figure 3 . POEs are hydrophilic in nature and are soluble or dispersible in water and dilute solutions of electrolytes [5] . The chemical identity of Tween products is shown in Table1. Sodium dodecylbenzenesulfonate (SDBS) is a member of the linear alkylbenzenesulfonates, the dodecyl group is unbranched. This dodecyl chain is attached at the 4-position of the benzenesulfonate group.
The composition of the surfactant mixtures is shown in Table 6 . The mixtures contained 50 w/w% of non-ionic and 50 w/w% of anionic surfactants.
For preparing the surfactant solutions, the surfactants were dissolved in distilled water in 1 w/w% of total concentration.
Methods
Water Number and HLB determination
The method developed by Greenwald, Brown and Fineman [6] is suitable to determine the hydrophilic-lipophilic nature of the surfactants. It can provide information about the possible effectiveness of the emulsifiers. The surfactant is dissolved in benzene-dioxane mixture and the solution is titrated with distilled water until its permanent turbidity according to Greenwald et al [6] . Our method was developed to avoid the use of the highly toxic benzene. In our new process of sample preparation the test materials are dissolved in the mixture of cyclohexane-dioxane (with 4% cyclohexane content). The distilled water is added to the solution of surfactant until it becomes permanently cloudy and the transmittance cannot be decreased radically by the further addition of water. The transmittance is measured by fiber-optic spectrophotometer. The current transmittance values are represented as a function of distilled water volumes. The equivalence point of the obtained curve is the volume which corresponds to the Water Number (WN) of the surfactant [6] . The HLB value can be calculated from the Water Number, the equation of the improved method was created by linear regression. Equation 1 can be applicable for non-ionic surfactants [7] and Equation 2 for surfactant mixtures [8] . HLB = . − 0.6339 (1)
Solubility in water 1 w/w% of surfactant is dissolved in distilled water. The turbidity is measured by spectrophotometer. The solubility in water is characterized by the transmittance (T) value (0% completely cloudy, 100% transparent). The turbidity of the diluted surfactants was calculated as [9] : Turbidity = 100 − T(%)
Particle size analysis The average particle size and the distribution of the surfactants were measured by dynamic light scattering using Malvern Zetasizer Nano ZS instrument. The hydrodynamic radius determined by photon correlation spectroscopy (i. e. dynamic light scattering) and is estimated from the particles' diffusivity using the Stokes-Einstein relationship (Equation 4). The peak values of particle diameter (nm) for the different samples were obtained as an average of the data. In this work particle size means the size of surfactant associations formed in the aqueous solution. D =
where: D 0 : diffusion coefficient k: Boltzmann constant T: temperature : dynamic viscosity d: particle diameter
